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ACHIEVEMENT. 
Advisor: Professor Alfred F. Young 
Disseration dated May 1980 
During the first semester of the academic year 1978-1979, an investigation 
was conducted to reveal the effect of using some more recently developed 
laboratory experiments on student achievement as compared to the effect of using 
the adopted laboratory text on student achievement in the Elementary Organic 
Chemistry 231 laboratory course at Spelman College. The population consisted of 
57 Atlanta University Center students enrolled in the course. For the study, one 
laboratory section of Elementary Organic Chemistry 231, consisting of 23 students, 
was selected for the experimental group, and two laboratory sections, consisting of 
34 students, composed the control group. Also, matched groups were formed based 
on the final cumulative grade-point averages of the students in General Chemistry 
112 and the averages of the students' laboratory achievement test scores in 
Elementary Organic Chemistry 231 over intervals of 20. 
The design was an equivalent group type incorporating a measure of student 
achievement as the dependent variable and the laboratory instructional materials 
as the independent variables. An evaluation form was used to assess the students' 
reaction to the innovative laboratory instructional materials. A hypothesis was 
tested by analysis of covariance by using the final grade-point average made by the 
students in General Chemistry 112 as a covariable with the final cumulative 
laboratory achievement test score averages. The t-test was used to compare the 
mean achievement scores for each of three matched groups. Chi-square analysis 
was used to test four hypotheses that were formulated from items on an evaluation 
form relative to the use of laboratory instructional materials. 
When the results of the achievement tests were subjected to covariance 
analysis, no significant difference in achievement was found for the groups. The t- 
test results indicated that there was no significant difference between the groups. 
A trend favoring the experimental group was obtained for the t-test analysis. 
Significance was obtained for four hypotheses that were formulated from items on 
the evaluation form. 
It was concluded that the use of the more recently developed laboratory 
experiments resulted in no loss of achievement by students on written laboratory 
and lecture examinations in the Elementary Organic Chemistry 231 course at 
Spelman College. 
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INTRODUCTION 
Higher education in this country today is permeated with conflicts and 
tensions. The public has become highly critical, even to the point of questioning 
whether higher education is any longer worthwhile. Virtually every institution, 
whether tax-supported or under private auspices, is experiencing a decline in 
enrollment and is finding it extremely difficult to meet the financial 
responsibilities it faces. It is becoming increasingly essential for many to find 
means of justification for their existence. 
Both the large private institutions, with substantial private endowments, and 
public institutions that receive considerable tax support, are competing for the 
same students. In efforts to attract more students, many small institutions are 
trying to become large and large ones striving to structure or restructure 
themselves to be small. There are pressures upon the colleges and universities to 
accept applicants who do not meet the established entrance requirements and 
pressures to restrict enrollment severely in order to maintain quality of program 
offerings. Conflicts exist between the proponents of general education and those 
of applied training. There are advocates of research who stress that research is 
teaching and advocates of teaching who claim that much of their teaching is 
research. In fact, there is typically as much or more diversity within an institution 
as there are among institutions. These conflicts are evidenced by the growing 
disenchantment of many educators with the modern university or multiversity (as it 
has more recently become known) and deliberate attempts of many to reformulate 
and re-establish a unity of purpose.^ Many of the issues confronting the 
1 
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institutions of higher learning have a direct influence on the nature and quality of 
the science curricula in our schools and, specifically, the nature and kinds of 
chemistry offerings. 
All aspects of college curricula are being subjected to criticism and re- 
2 evaluation, and several significant trends are underway. One particular focus of 
attention is the rigidity and applicability of the course work in natural sciences 
curricula for majors as well as for students in other disciplines. The curricula for 
students majoring in the natural sciences tend to be more tightly perscribed and 
more rigid than most of those in the humanities and social sciences. Much of the 
rigidity centers around the amount of chemistry or chemical content of the 
curricula. In order to truly become literate in matters concerning the natural 
sciences and to comprehend the significance of chemical applications in such areas 
as biology, engineering and physics, an awareness of what chemistry is and some 
specific knowledge in chemistry are extremely important. It is, therefore, 
imperative that certain priorities in the chemistry curricula be considered and 
evaluated. 
Despite the fact that the chemistry curricula have been proven to be one of 
the more successful devices for training professional practitioners, they are 
3-5 reported to be one of the greatest sources of academic frustration. These 
reports indicated that teaching chemistry at the introductory level is more troubled 
than at the upper level. Teachers of the upper level courses deal with a more 
selective group of students due to (1) the difficulty of the course and (2) the natural 
limits of those who have talent for, or an expressed interest in, the solution of 
chemical problems and chemistry as a profession. 
On the other hand, the teaching of chemistry at the introductory level is 
3 
beset by many problems which may be attributed to several factors: (1) the 
increasing volume and sophistication of knowledge in the field; (2) the changing 
student population; (3) the limited development of technical aids for teaching, 
learning and communication, and (4) the changing philosophy of chemistry teachers. 
Because the field of chemistry has shared in the rapid developments of 
science and many chemistry teachers have been involved in these developments, 
there has been a general tendency for teachers to include the latest developments 
in the introductory courses. This has led to the expansion of texts, tenser 
summaries of information and continued complaints from students about too much 
material being covered too rapidly. According to Haight^, a year of organic 
chemistry in 1900 required a 200-page text; in 1979, the commonly used text by 
Morrison and Boyd contains about 1200 pages. Consequently, the selection of 
material to be taught has become a major problem. The mass of facts now 
available prohibits any real effort to teach. 
The pressures to include a descriptive body of basic factual knowledge, along 
with principles governing chemical structures and processes, experimental tech¬ 
niques and theoretical frameworks, all compete for a slice of the "introductory 
pie". The addition of anything in depth, in terms of new reactions, spectroscopy, 
mechanistic information, molecular orbital calculations and pericyclic reactions, 
must be coupled with the elimination of much of the factual material included in 
the course. The excision of material, judged to be less important than that added, 
has created or given rise to courses which are no longer "introductory" courses 
presenting additional problems inherent in the characteristic make-up of the 
population. 
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In the late 1950's and early 1960's, increased emphasis was placed on the 
natural sciences; giant strides were taken to upgrade high school chemistry courses 
through such projects as Chem Study and the Chemical Bond Approach. Thermo¬ 
dynamics, kinetics and molecular orbital theory were added to the introductory 
college courses. As a greater proportion of the student population was being 
directed into the natural sciences, a divergent, dichotomous trend was developing. 
Courses became more abstract and sophisticated at the same time as a large, new 
student population, less prepared and less sophisticated intellectually, appeared in 
the chemistry classes. The attrition rate was alarming. This led to the rash of 
efforts to design special chemistry courses for special people, such as, chemistry 
for the liberal arts, chemistry for nurses, and chemistry for the underprepared 
student. Some of these courses have been successful in lowering the attrition rate, 
but heated and divisive arguments regularly occur over whether introductory 
chemistry can or should be different things to different people - whether courses 
for the nonspecialists are or can be different courses, or just watered-down courses 
for the less competent. 
While experience has shown that many nonmajors, especially in the required 
chemistry courses, are less competent and less motivated than majors, many 
competent nonmajors take chemistry with a genuine interest and are capable of 
outstanding achievement even in a course designed for chemistry majors. Which 
students to aim for and what spread of abilities and motivation to consider in 
planning a course troubles chemistry teachers as much as or more than any other 
single question. 
Another problem frequently encountered in chemistry teaching is the 
development of technical aids to teaching, learning and communication. Utiliza- 
5 
tion of technology offers many advantages. It can display visual phenomena with 
film and easily edited videotape, provide vast amounts of recorded information to a 
large number of students thereby increasing teacher accessibility, and provide 
individual self-paced instruction through computers. But the time required both to 
review and create these teaching and learning materials is very difficult to impose 
on a teaching schedule. In addition, the question arises, "Is the time and expense of 
developing new techniques worth the effort?" Many teachers argue that the ability 
to perform well on tests seems to be independent of the method of teaching. 
Others hold firmly to the fact that well-written textbooks with carefully planned 
study exercises have provided individualized, self-paced study systems for two 
centuries. The problem, then, is not only the time required for the development of 
an array of technological teaching aids, but also the effective incorporation of 
these techniques into the existing curricula. 
Problems resulting from the changing philosophy of some chemistry teachers 
in their approach to teaching, particularly, in the introductory courses, have caused 
some concern among educators. There has been a growing interest among some 
chemistry teachers in learning theories and educational psychology. Coupled with 
this increased interest in new theories is a general tendency to apply them to 
classroom situations. The difficulty arises when utilization of these applications is 
3 
oversimplified or indiscriminately carried out. It has been estimated that 
approximately 50% of all students in introductory chemistry courses cannot operate 
at the Piagetian formal operational level essential to attainment of chemical 
insight. In efforts to meet this challenge, educators are seeking to define student 
goals and limited objectives, a development which many believe discourages 
individual thinking on the part of the students. 
6 
Other factors have also been attributed to the difficulty some students 
experience in the introductory chemistry courses. The introductory organic 
chemistry course has been cited specifically as one which continues to be a source 
of traumatic experiences for a large number of students. The introductory 
organic chemistry course is typically characterized by a large number of 
withdrawals, student complaints about the difficulty and the level of instruction, 
and, in some instances, student sabatoge of other's experiments. 
Teachers, probing the trauma of the organic chemistry course at a symposium 
k 
of the American Chemical Society , cited several reasons for student frustration: 
1. The course is too competitive; grade-conscious students tend to fear the 
course and worry about sheer survival. 
2. Large numbers of students, impressed with medical and scientific 
advances and with the supposedly good lives and large incomes enjoyed 
by physicians, declare themselves chemistry or pre-med majors. Many 
of these students come to organic chemistry less able to master the 
abstract concepts that the science demands. 
3. Developments in primary and secondary education over the past several 
years, such as more freedom, new math, declines in communication 
skills, grade inflation, increased extracurricular activities and more 
permissive parents, contribute to the frustration and disenchantment 
felt by many students. 
4. Student embarrassment over asking questions and fear of doing poorly 
further foster tension and frustration internalized by the student. 
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While these problems are not unique to any specific type or kind of college or 
university, they may be more pronounced at some institutions than at others. 
This study focuses on one specific problem troubling the teaching of 
introductory organic chemistry - the lack of adequate laboratory instructional aids 
to meet the teaching needs of a specific organic chemistry course. The problem, as 
it is evidenced in the Elementary Organic Chemistry 231-232 course offerings in 
the Atlanta University Center, was subjected to this investigation. The Elementary 
Organic Chemistry 231-232 courses are taught by the faculty at each of the four 
undergraduate colleges in the Atlanta University Center: Clark, Morehouse, Morris 
Brown and Spelman Colleges. Through a joint cooperative effort among the 
faculties of these institutions, there is a common course outline for both the 
lecture and laboratory classes. A common textbook, Organic Chemistry by 
Morrison and Boyd^ and a common laboratory manual, Experimental Methods by 
Moore and Dalrymple'7 are used for both courses. 
It is this investigator's opinion that not enough attention has been given to the 
vital and exciting learning experiences associated with actual laboratory experi¬ 
mentation and to the development of good laboratory manuals. 
Similar opinions have been expressed by other chemistry teachers in the 
Atlanta University Center through personal communications. The adopted 
laboratory manual, presently being used, does not meet all of the instructional 
requirements for Elementary Organic Chemistry 231 and Organic Chemistry 232. 
Twelve of the twenty-seven experiments listed in the course outline for the 
laboratory classes are "hand-outs" or supplements. Additional "hand-outs" are 
given to supplement the theoretical background for some experimental procedures. 
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In addition to the cirticisms of the nature of the contents of the laboratory 
manual currently used, other complaints expressed include the following: 
1. The manual does not have simple, straight-forward procedural directions. 
2. Too few questions are asked in reference to the experiments. 
3. The manual does not contain enough illustrative diagrams. 
4. Not enough emphasis is placed on laboratory safety. 
These factors, coupled with economic considerations, in terms of optimum 
utilization of the teachers' time and the expense of constantly reproducing hand¬ 
out experiments, prompted the development of a laboratory manual by this 
investigator, which can be used in the Elementary Organic Chemistry 231-232 
courses. This study will be used to determine the effectiveness of its use on 
student achievement by comparing it with the use of the adopted manual, 
Experimental Methods in Organic Chemistry by Moore and Dalrymple'7 in 
Elementary Organic Chemistry 231 at Spelman College. 
Statement of the Problem and Hypothesis 
The purpose of this study is to develop a laboratory manual which can be used 
in the Elementary Organic Chemistry courses 231 and 232 taught in the Atlanta 
University (AU) Center and to evaluate the effectiveness of its use in laboratory 
instruction. The achievement of students using the laboratory manual will be 
compared with those using the current laboratory manual, Experimental Methods in 
Organic Chemistry by Moore and Dalrymple. 
9 
A null hypothesis to be tested is that there is no significant difference in 
achievement scores due to the use of the laboratory manual developed by this 
investigator compared with the use of the adopted laboratory manual by Moore and 
Dalrymple in Elementary Organic Chemistry 231 at Spelman College relative to 
General Chemistry 112 grades and cumulative test scores. 
Assumptions 
1. There is a random distribution of student enrollment in the Elementary 
Organic Chemistry 231 laboratory sections to be used in this study due 
to the heterogeneity of vocational interests and course schedules. 
2. The sample population is representative of student enrollment center¬ 
wide in Elementary Organic Chemistry 231. 
3. The matching of groups based on grade performance in General 
Chemistry will be sufficiently accurate as a measure of the students' 
previous training in order to allow a statistical comparison between 
matched groups. 
4. The measuring instruments, since they are identical for both groups, 
will not offer a variable of enough significance to invalidate the study. 
5. The effectiveness of laboratory instruction can be determined by test 
scores on written laboratory examinations. 
6. The effectiveness of laboratory instruction, as determined in Elemen¬ 
tary Organic Chemistry 231, will be essentially the same for Elemen¬ 
tary Organic Chemistry 232. 
Limitations of the Study 
1. The laboratory manual will be constructed to conform to basic teaching 
10 
methodologies, structure, and content of Elementary Organic Chemistry 
231 and 232 courses offered in the AU Center. 
2. The study will be restricted to students enrolled in Elementary Organic 
Chemistry 231 at Spelman College during the Fall Semester, 1978. 
3. Each subject will be administered the same laboratory examinations. 
Significance of the Study 
Because laboratory instruction is being developed more to conform to given 
local situations and other factors such as the number of students and background of 
the students, the availability of laboratory facilities and teaching staff, and the 
funds available to provide more than the bare necessities, it is apparent that fewer 
and fewer of those "new" and "innovative" laboratory manuals being marketed will 
be readily adaptable to curriculum needs in a unique center of higher education 
such as the AU Center. 
With joint cooperative efforts being managed in Elementary Organic 
Chemistry 231-232 and in other courses in this Center, the development of a 
laboratory manual structured to meet the requirements of these courses should 
have some effect on student performance. This study should reveal the 
effectiveness of the use of such a manual on student achievement. 
Summary 
This chapter gives an overview of some of the problems of higher education 
as they relate to the Natural Sciences curricula in general. Specific problems as 
they relate to the teaching of chemistry at the introductory level have also been 
considered in this introduction. While the solutions to many of these problems may 
not be forthcoming for some time, this writer, in an attack on one of the problem 
areas in laboratory instruction, developed a laboratory manual for an introductory 
11 
organic chemistry course and initiated a study to determine the effect of such a 
manual on student achievement. 
The investigator has set forth a rationale, the limitations and assumptions, 
and the hypothesis that would lend support to a study of this nature. 
REVIEW OF LITERATURE 
Actual laboratory experience in the teaching of chemistry is an indispensable 
part of the instructional program, particularly at the undergraduate level. Personal 
laboratory involvement gives the student some familiarity with apparatus and 
techniques associated with the experimental side of abstract concepts and helps to 
develop an awareness of the practical methods for dealing with systems as they 
actually behave in the real world. In addition, the laboratory experience should 
provide for the student some excitement and enthusiasm that comes through 
g 
creativity and discovery by performing the experiments himself. This need for 
meaningful and creative laboratory instruction is more fully recognized by chemists 
engaged in the teaching field today than in past years and has received considerable 
3 8-16 attention within the past decade. ’ 
Laboratory instruction as a method of teaching chemistry on the undergradu¬ 
ate level was introduced in this country in the nineteenth century. It is reported 
that the fundamental document by which Stephen Van Renssalaer set up the 
Renssalaer Polytechnic Institute in 1824, perscribed that students in chemistry 
were not to be taught by listening to lectures and watching demonstrations, but 
were, themselves, to lecture and demonstrate under the supervision of the 
professor. The examination of chemistry students was not to be in terms of the 
conventional questions and answers, but in terms of the facility with which they 
performed experiments and gave their rationale.^ 
12 
13 
As experimental chemistry became more complex, this complexity inevitably 
found its way into the teaching laboratory with the use of highly sophisticated 
apparatus and instructional aids. The acquisition of the "modern laboratory" in the 
colleges facilitated the transition from the demonstrative method of instruction in 
the laboratory to a more investigative approach of instruction. By necessity, 
various innovative programs, based on radical changes in laboratory organization 
and stressing new concepts in student investigative responsibilities, have been 
introduced into the undergraduate laboratory. " Chemistry teachers are giving 
more attention to the preparation of the creative chemist through the development 
of a research attitude in the student. Laboratory instruction in chemistry is being 
defined in terms of general and specific objectives. 
22 Coyne has written that one of the general objectives of laboratory 
instruction in chemistry should be to provide the student with the tools and 
experiences to acquire a feel for how chemical knowledge is obtained and how a 
chemist thinks and works. More specifically, the student should be able to adapt the 
basic skills and laboratory techniques learned in one context to another laboratory 
situation by (1) designing their own experimental approach to a problem, (2) 
collecting data to solve a given experimental problem, and (3) effective 
communication about the purpose, approach, results and dependability of the 
23 experiment. Many of the current innovations in laboratory instruction are 
directed toward meeting these objectives. Changes in laboratory organization and 
the institution of new approaches to laboratory instruction have ensued. 
14 
The organization of the instructional laboratory varies widely, depending upon 
the local situation, the number and background of students, the availability of 
laboratory facilities and teaching staff, and the funds available to provide more 
than the base necessities. 
g 
Lippincott has defined organizational patterns in the instructional laboratory 
in terms of five basic categories: 
1. the traditional program where students are assigned to specific 
laboratory sections that meet three to four hours at a time for one to 
three times a week; experiments are assigned so that most of the 
students are working on the same experiment at the same time; 
2. self-paced organization in which the students have no set time to be in 
the laboratory, but are given a series of experiments that must be 
completed by the semester's end and are encouraged to move at a pace 
that is comfortable for them; 
3. project-centered organization where each student is given a project 
that involves a series of experiments and related techniques that will 
occupy his laboratory time for a major portion of the term; the student 
is encouraged to proceed more or less as an independent investigator; 
4. armchair experiments with the laboratory conducted in the lecture 
room; each student is issued a small box, containing the chemicals and 
equipment needed to do the experiments, and proceeds to do the 
experiments at his desk or seat; 
15 
5. laboratory demonstration experiments which are performed by a demon¬ 
strator, and the students are asked to make observations and calcula¬ 
tions based on what they have seen. 
The organizational patterns of laboratory instruction in the introductory 
organic chemistry courses have been restricted primarily to the traditional 
program, self-paced organization, and the project-centered organization. In 
addition, in many chemistry departments, particularly those serving large numbers 
of students, the organizational pattern in the laboratory may be dictated to a 
greater or lesser extent by other constraints, either imposed by the system or by 
those responsible for conducting the laboratory. Constraint parameters that might 
control the organizational pattern may include logistics, availability of equipment, 
availability of audiovisuals, the kinds of experiments chosen, the instructional 
approach chosen and the degree to which student development dominates the 
organizational pattern. 
Some innovative approaches currently being employed in laboratory instruc¬ 
tion include (1) the student selection approach in which students choose whether 
they will pursue a given experiment in more depth or go on to try a new experiment 
and master a new technique, (2) individual student project or group contribution 
approaches in which each student contributes one or more pieces of data or 
observation to the solution of a group problem, and (3) approaches in which the 
students attempt to discover the concept for themselves. These approaches are 
implemented by the use of videocassettes, close-circuit television, personalized 




These innovative changes in laboratory instruction and instructional materials 
have been paralleled by an impetus for increased and stronger emphasis on 
24-29 laboratory safety as an integral part of the laboratory program. 
The introductory organic chemistry laboratory is a dangerous and potentially 
hazardous environment for the uninformed student and for those around such a 
student. The students are required to perform experimentation utilizing many 
dangerous and toxic chemicals and in some cases, production of volatile, hazardous 
substances (as side reactions) occurs. The students need to be informed of the 
proper handling, use and disposal of organic chemicals in order to eliminate or 
minimize potential hazards. An understanding of the nature of the potential hazard 
and the scientific principles underlying these laboratory safety hazards should be 
instilled within the student. In addition, increased responsibility has been placed 
upon the laboratory instructors to ensure that students have the ability to assess 
the attendant risks under various conditions and to arouse in students an intense 
awareness of the effect of his work on the environment and innocent bystanders 
24-29 should adequate safety precautions not be taken. 
The enactment and changes in laws governing the safety of workers and the 
increase in the number of liability suits filed have caused increased public concern 
and have raised the interest level in safety education in laboratory courses. The 
importance of this vital component of the undergraduate laboratory program has 
become increasingly apparent to both administrators and educators. 
Moreover, laboratory courses are being upgraded to include more safety 
education, laboratory instructors are administering examinations on laboratory 
26 safety throughout the semester , and college and university level courses in 
25 laboratory safety have been developed and added to many science curricula. 
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This upsurge in emphasis on laboratory safety and recent trends toward the 
reorganization and implementation of innovative approaches to laboratory 
instruction have created a demand for a different kind of laboratory manual for the 
undergraduate organic chemistry courses. Instructors of the courses have had to 
replace or supplement the traditional type laboratory text with hand-out materials. 
The demand for a different kind of laboratory manual has been partially met 
by a publishing market over-saturated with laboratory instructional materials 
acclaimed as being "new", "innovative", "comprehensive", "unique", and "student- 
oriented". Many of these materials have had limited appeal to both the laboratory 
instructors and the students. Several reasons have been cited for the apparent 
dearth of applicable laboratory instructional materials for organic chemistry (as 
evidenced by this investigator's survey of the literature and some current organic 
79-50 chemistry laboratory texts ): 
1. Some instructional materials are poorly written and inappropriate for 
the undergraduate laboratory in terms of the nature and level of 
experimentation. 
2. The language used in the experimental chemistry books, in many 
instances, accounts for the lack of adaptability. 
3. Some instructors find that the level of written instructional procedures 
in many laboratory tests turns the students off. 
4. Some of the more recently developed laboratory manuals contain 
"Advanced Study" and "Pre-laboratory" assignments. Even the most 
conscientious students have difficulty conceptualizing the objectives 
and design of the assigned experiment well enough to complete the 
assignment without additional help. 
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Additionally, the difficulty in selecting an appropriate laboratory manual is 
limited not only by the organization, contents, and writing style of the text, but 
also by the given local situation and other factors previously cited, such as the 
organization and structure of the laboratory program, number and background of 
the students and faculty, as well as administrative and economical factors. 
Because the nature of the course content and the type of instruction vary 
among institutions, rarely will a single laboratory manual meet all of the course 
criteria of the institution adopting it for use. The extra cost of duplicating 
materials to supplement the laboratory text and the inefficient use of the teachers' 
time and expertise in developing and compiling the supplemental materials, have 
resulted in many chemistry instructors opting to develop laboratory instructional 
materials which conform to specific requirements of the laboratory program at the 
respective institution. 
This trend is becoming increasingly warranted by such factors as inflation, 
decreasing enrollments, a strong public consciousness toward safety, supported by 
ever-increasing governmental control and regulation, decreasing supply and 
increasing costs of petroleum and petrochemicals, the energy shortage, rapid 
advances in technology and instrumentation, and low federal and state funding in 
support of science education. Nowhere in undergraduate education do these 
conditions exert a greater influence than in the organic chemistry laboratory. Data 
taken over the period 1968-1977^ revealed an increase of prices for organic 
chemicals (especially those related to petroleum) of three - to five-fold in 1974, 
followed by a continuous steady increase in the years thereafter. 
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The cost increase associated with the undergraduate organic chemistry 
laboratories have been severely inflated over the last seven years. ’ The 
severe situation which exists in organic chemistry laboratories is evidenced by the 
fact that the average cost-per-student in the organic chemistry laboratory for 
majors during 1970-1977 increased from $12.50 to $40.00 per quarter and from 
$8.00 to $25.00 per student per quarter in the service organic chemistry courses 
over the same period at one institution.'5* 
51 52 Demographic analysis ’ predicts a decrease in enrollments of the order of 
25% by 1985. Since the operating budgets of most departments are based on the 
number of full-time equivalent students enrolled, financing chemical education in 
the future is likely to be more of a problem than it is now. Considering these facts, 
it is apparent that some changes in the organic chemistry laboratory program, 
which impacts on the nature and kind of laboratory instructional materials 
required, should be considered. Some considerations as suggested by Hutton'5* 
include: 
1. Evaluate the cost associated with each experiment and make changes in 
the procedure to modify the cost by designing the experiment to utilize 
the product of one reaction as the starting material for another. 
2. In performing syntheses, the rule should be to start with the less 
expensive products so that there is an overall economic gain in the 
process. 
3. Whenever possible, solvents should be recovered for later use. 
4. Use of more project-oriented experiments and requiring students to 
evaluate the economic factors associated with his or her approach to 
the project. 
20 
The present economic conditions, particularly in small, private liberal arts 
institutions where the scarcity of education funds may be more pronounced, 
53 coupled with the U. S. Census Bureau's latest estimate that the total enrollment 
in the fall of 1978 experienced a drop of 3.5% with a sharp decrease in black 
enrollment of 7.5%, are factors which should make the preceding suggestions 
serious priority items in evaluating the current organic chemistry laboratory 
program and instructional materials. 
Based upon the background information presented in this chapter, a 
laboratory manual was designed and constructed to conform to the institutional 
needs and teaching methodologies of the faculty in the Atlanta University Center 
undergraduate chemistry departments. 
Although previous studies^”^ have indicated that overall student achieve¬ 
ment may or may not be enhanced by the laboratory exercises and that optimum 
student learning experiences vary depending upon the conditions, it is this writer's 
contention that if the measured achievement of student learning experiences are 
not in any way affected detrimentally, the additional exposure, particularly in 
terms of instructional materials, can only serve as positive reinforcement for 
student learning. Thus a study was initiated, which will be discussed in the next 
chapter, to compare the achievement of students using a traditional laboratory 
manual with that of students using the instructional materials developed by this 
investigator. 
DESIGN AND METHODOLOGY 
Introduction 
Elementary Organic Chemistry 231 is a four semester hour course taught at 
four of the Atlanta University Center schools: Clark, Morehouse, Morris Brown, 
and Spelman Colleges. The classes meet three times weekly in fifty minute periods 
each for lecture and twice weekly in three hour periods for laboratory exercises. 
The textbook currently in use is "Organic Chemistry", third edition, by 
Morrison and Boyd^, of which eleven chapters are studied during the semester. The 
chapters are covered in the following sequence (see Appendix A): 
Chapter 1. Structure and Properties 
Chapter 2. Methane - Energy of Activation. Transition State 
Chapter 3. Alkanes - Free Radical Substitution 
Chapter 4. Stereochemistry I. Stereoisomers 
Chapter 5. Alkenes I. Structure and Preparative Elimination Reactions 
of the Carbon-Carbon Double Bond 
Chapter 6. Alkenes II. Electrophilic and Free-Radical Addition 
Chapter 7. Stereochemistry II. Preparation and Reactions of Stereo¬ 
isomers 
Chapter 8. Alkynes and Dienes 
Chapter 9. Alicyclic Hydrocarbons 
Chapter 10. Benzene-Aromatic Character 
Chapter 11. Electrophilic Aromatic Substitution 
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The laboratory manual being used is "Experimental Methods in Organic 
Chemistry" by Moore and Dalrymple/ This manual is supplemented by selected 
hand-out experiments from which the following schedule is arranged (see Appendix 
B): 
Experiment 3 
Experiment 1 - Melting Point Determination 
Experiment 2 - Recrystallization 
Extraction 
Experiment 4 - Distillation 
Experiment 5 - Vapor Phase Chromatography 
Thin Layer Chromatography 
Column Chromatography 
Free Radical Chlorination 
Relative Rates of Bromination 
Experiment 10 - Dehydration of 2-Methylcyclohexanol 
Experiment 11 - Cholesterol from Gallstones 
Experiment 12 - Geometric Isomerization of Dimethyl Maleate 
Experiment 13 - Diels-Alder Reaction 
Experiment 14 - Hydration of An Alkyne 
Experiment 15 - Equilibrium Constant for Esterification 





continues with the same textbook and laboratory manual that are used in 
Elementary Organic Chemistry 231. 
The Research Design and Procedure 
An equivalent group design was employed in this study. This is the most 
common type of experimental design used in education. The simplest form of this 
experimental design consists of two groups, a control group and an experimental 
group. The experimental group is exposed to some prescribed conditions whereas 
the control group receives no special treatment. At the end of the specified time, 
both groups are measured by a criteron and the results are compared. If the 
difference in results of the two groups is not statistically significant, it is 
attributed to chance. The groups are made equivalent by (1) random selection, (2) 
matching, and (3) statistical techniques. In an attempt to make the groups 
equivalent, matching and statistical techniques were utilized in this study. The 
random selection technique could not be used to designate subjects for the 
experimental and control groups because most of the students pre-registered for 
the course during the spring semester of the academic year 1977-78; less than 10% 
of the students registered for the course during the fall registration. 
In the course schedule, there was no particular instructor designated to teach 
the Organic Chemistry 231 course at Spelman College. After registration, the 
writer was assigned to teach a laboratory section on the basis of available time 
from teaching responsibilities of other courses. Therefore, it is doubtful whether 
random assignment of students to the laboratory sections would have resulted in a 
different distribution of student population in the control and experimental groups. 
Overall, the students' selection of a particular laboratory section was restricted by 
the scheduled class meetings of other courses on the student's schedule. 
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Initial assessment of the students' background knowledge of chemistry was 
established by the final General Chemistry 112 grades. Analysis of covariance was 
the statistical technique employed when the final General Chemistry 112 grades 
were used as a variable with the cumulative achievement test averages at the 
conclusion of this study. Chi square analysis and proportion of responses expressed 
as percentages were the statistical techniques used for the analysis of responses to 
a questionnaire used in Organic Chemistry 231. These statistical techniques will be 
discussed later in this chapter. 
In addition to equating the groups using statistical techniques, other controls 
were used in structuring the use of the writer's laboratory procedures by the ex¬ 
perimental group. All students purchased the regular laboratory manual by Moore 
and Dalrymple'7 and were given a common laboratory outline of the experimental 
procedures, with grading policies. However, students in the experimental group 
were instructed during the first laboratory class meeting to use the hand-out 
materials given them by the writer. They were instructed each week in the pre¬ 
laboratory discussions on safety precautions, changes in procedures, the differences 
in procedures (from those utilized by the control group), the chemical reagents 
being used, and appropriate laboratory techniques. 
Since the experimental group met after the control group and subsequently 
began a particular experimental procedure later than the control group, there was 
little possibility of the control group utilizing the same procedure. There was 
continuous coordination and assessment of laboratory instruction among both 
laboratory instructors and the graduate teaching assistants. Common laboratory 
examinations were administered to all students enrolled in the course. Questions, 
for the most part, were submitted by the laboratory instructor of the control group 
and were agreed upon by both instructors. 
The Study Population and Sample 
The students who enroll in Elementary Organic Chemistry 231 represent 
majors, primarily, within the Natural Sciences division at Spelman College, with 
the exception of a few students enrolled from undergraduate institutions in the 
Atlanta University Center, who, because of class schedule conflicts, are not able to 
take the course at the institution where they are enrolled. Because of the course 
prerequisite of one year of general chemistry, the enrollment is limited to students 
classified as sophmores, juniors, or seniors. This study sample was typically 
represented by students of these classifications. 
The entire enrollment of 57 students in Elementary Organic Chemistry 231 at 
Spelman College during the 1978-1979 first semester was the population for this 
study. They were accomodated in one large lecture section and three laboratory 
sections. One laboratory section was selected as the experimental group and the 
remaining two laboratory sections constituted the control group. The experimental 
group (section 2) was taught by the investigator while the other two sections 
(sections 1 and 3) were taught by the other organic chemistry instructor of the 
Department of Chemistry at Spelman College. 
It was assumed that there was random distribution in all sections due to the 
registration procedure at Spelman College. This assumption is based upon the fact 
that the course schedules and registration sign-up sheets are made available to 
students during the weeks of pre-registration and registration. In the Department 
of Chemistry, these course schedules and sign-up sheets are handled by the 
Chairperson of the department (who does not teach an organic chemistry course). 
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After seeing their advisors, students sign up for each laboratory section on 
the basis of availability of space and scheduled meeting times. Neither the 
students nor the Chemistry faculty were aware of who was to teach the Elementary 
Organic Chemistry 231 course; therefore, the possibility of personal bias in the 
selection of students for either the control or experimental group was eliminated. 
At the end of the semester, the cumulative achievement test average for 
subjects in the experimental and control groups were computed and used to 
construct matched groups, using the General Chemistry 112 final grade point 
averages. Three equal class intervals of 20 each, covering the entire range of 
General Chemistry 112 final grades, were selected and the matching technique 
completed by insertion of the cumulative test scores averages for the groups in the 
corresponding intervals (see Table 1). 
Table 1. The Number of Cumulative Achievement Test Averages Used to Form 
Matched Groups for the Experimental (FAj) and Control (FA2) Groups. 
Experimental (FAj) Intervals Control (FA2) 
3 100-81 6 
15 80-61 21 
5 60-41 6 
The Laboratory Exercises 
A common outline of experimental procedures (Appendix B) is followed by all 
schools offering Elementary Organic Chemistry 231 in the Atlanta University 
Center, including Spelman College. A common laboratory text^, supplemented by 
hand-out materials, is used for the laboratory part of the course. The experimental 
group for this study performed the same type of experiments as the control group. 
However, the description, procedure, and/or reagents differed. 
Two major categories of experiments were carried out by the students, 
namely investigative and preparative experiments. The investigative experiments 
included melting point determination of known and unknown substances; recrystalli¬ 
zation of compounds synthesized in a preparative experiment; extraction of 
compounds out of solution and determination of distribution coefficients; simple 
and fractional distillation of solutions; vapor phase, thin layer, and column 
chromatography; rate studies (Relative Rates of Bromination); mechanistic studies 
(Geometric Isomerization of Dimethyl Maleate); and equilibrium studies (Equili¬ 
brium Constant for Esterification). 
The purpose of the investigative experiments were: (1) to provide for the 
students an opportunity to observe and acquire skills and techniques in the 
determination of physical properties for identification of organic compounds, (2) to 
develop skills in the purification and separation of organic compounds, and (3) to 
acquire skills in the assessment of chemical properties of organic compounds and 
chemical reactions in terms of rates, mechanisms, and equilibrium studies. 
The purpose of the preparative experiments was to provide the student with 
the opportunity of synthesizing compounds using various experimental procedures 
and the experience of testing the efficiency of the procedures relative to percent 
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yield of the product, side reactions, safety, etc. Additionally, the student utilized 
the investigative procedures learned in previous experiments to isolate, purify, and 
verify the identify of the prepared product in the laboratory. 
Included among the preparative experiments are Free Radical Chlorination of 
2,4-Dimethylpentane, Dehydration of 2-Methyl-cyclohexanol, Isolation of 
Cholesterol from Gallstones. The Diels-Alder Reaction, and the Hydration of An 
Alkyne. . 
Many of the initial experiments carried out in Elementary Organic Chemistry 
231 require that students become familiar with and acquire skill in the use of basic 
physical techniques to separate and identify organic compounds. These techniques 
will subsequently be used in more advanced experiments; therefore, it is important 
that the underlying principles and procedures be clearly outlined, understood, and 
reproducible by students in the laboratory. Five experiments, employed in the 
experimental laboratory section, have been selected to illustrate basic differences 
from those in the laboratory text, namely, melting point determination, extraction, 
thin layer chromatography, column chromatography, and cholesterol from 
gallstones. 
Melting point determination is the first experimental procedure done by 
students enrolled in the Elementary Organic Chemistry 231 laboratory course. The 
control group used both the laboratory text and a supplemental hand-out for this 
experiment. The laboratory text does not give a clearly defined procedure nor is 
adequate theoretical background information given. The actual procedure is 
outlined on the supplemental hand-out, but many of the physical principles of the 
technique are omitted. This experimental procedure was rewritten to include more 
background information (not covered in the lecture textbook or laboratory text) 
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with sufficient explanation for student comprehension and application to other 
situations. Thus, one hand-out will suffice instead of two or more (which had been 
given out in the past). In addition, students are required to check their technique 
on an electrical melting point apparatus (Thomas-Hoover); thus, becoming familiar 
with more than one method. 
Although it is advantageous for both the instructor and the student, if outside 
reading and literature research are required of the students prior to doing the 
experimentation, it has been the writer's experience that students will either not 
bother until it is time to turn in the notebooks or will carry out such a limited 
research effort that they become frustrated when answers to specific questions are 
not readily apparent. 
In addition, positive experiences during the first day of laboratory 
experimentation can help alleviate some of the fears and anxiety associated with 
the course. 
The thin layer chromatography experiment was modified to utilize a different 
solvent system from that recommended in the laboratory text. The solvent system 
in the laboratory text consists of a mixture of benzene, ether, acetic acid and 
methanol in a 20:10:3:0.2 ratio. This solvent system requires 45 min to 1 hr for 
optimum development of the chromatogram. In addition, "tailing" of the samples is 
common with this system. Since students invariably repeat the procedure at least 
two or three times during the laboratory period due to technique errors, 
inexperience, or accidents, a shorter developing time with better separation is 
desirable. The solvent system in the modified procedure consists of a mixture of 
ethyl acetate and chloroform in an 80:20 ratio. The developing time is shortened to 
15-20 min with good separation and little tailing. Similarly, the solvent system in 
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the experiment utilizing column chromatography was refined to give greater 
separation of the four common pigments in the extracts of green leaves and shorter 
elution times. 
In the extraction experiment, the students first recover a solute from solution 
using a more definitive solvent and use the data obtained to calculate the 
distribution coefficient. The student is then required to separate two or more 
solutes in solution utilizing the principles and technique of extraction. The 
mixtures of solutes employed in the laboratory procedure in the laboratory text 
consisted of dimethoxybenzene and p-methoxyphenol, two low melting solids having 
melting points of 55-56°C and 56°C, respectively. In addition to the difficulty 
encountered in isolating the p-methoxyphenol due to its tendency to dissolve in 
impurities, students encounter difficulty in obtaining solid crystals for purification 
and melting point determinations. Successful isolation of the two compounds is 
necessary because students are required to report percent recovery for each 
compound. By changing the two solutes to benzoic acid and p-dichlorobenzene in 
the modified experiment (used by the experimental group) students were successful 
in separating and recovering enough of the compounds to obtain acceptable melting 
points and calculate a meaningful per cent of recovery based upon the weight of 
the recovered samples. Success in the laboratory helps to reinforce learning and 
stimulate the students' curiosity. 
Safety in the laboratory is always stressed during the pre-laboratory sessions 
as well as during the laboratory period by both the laboratory instructor and the 
laboratory assistants. Students are always informed of possible hazards to 
themselves and to others. Consequently, they are always encouraged to use safer 
methods of experimentation and to minimize the hazards of exposure to dangerous 
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or toxic chemicals. The experimental procedure involving the isolation of 
cholesterol from gallstones was modified for safety reasons. Since dioxane, the 
solvent commonly used to bring the pulverized gallstones into solution, is a known 
carcinogen, another solvent was substituted, 2-butanone, in the modified procedure. 
This substitution resulted in no loss of product yield nor was any more time 
required for the experiment to be performed. Thus, students utilizing this 
procedure not only achieved satisfactory results but also minimized their exposure 
to a toxic chemical. Other experiments were modified for reasons of safety, 
conservation of time, student comprehension of principles and successful mastery 
of experimental techniques. 
The Measuring Instruments 
Three measuring instruments were used in this study. The first instrument 
was the General Chemistry 112 final grade point average, which is a composite 
average of ail examinations, quizzes, problem assignments, laboratory exercises, 
and the final examination scores. General Chemistryll2 is a second semester 
course which follows General Chemistry 111. Upon successful completion of 
General Chemistry 112, students fulfill one year of chemistry requirements and are 
eligible to enroll in the next sequence course, Elementary Organic Chemistry. 
Thus, the final grade point average in the course should be a reliable indicator of 
the chemistry background of the students. 
The second measuring instrument consisted of the test average of three 
common 1 hr written laboratory examinations administered during the semeter. 
The examinations, principally designed by the laboratory instructor of the control 
group, were employed to assess (1) the students' understanding of basic underlying 
concepts of the experiments, (2) the students' ability to analyze data and arrive at 
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meaningful conclusions and/or make predictions based upon the conclusions, and (3) 
the students' knowledge of specific kinds of important chemical reactions (see 
Appendix D). 
The third instrument employed in this study was an evaluation form, 
administered to the experimental group upon completion of the laboratory part of 
the course, for assessment of the students' attitudes toward the laboratory 
instructional materials. The results of this study are detailed in the Results and 
Discussions section. 
The Statistical Treatment 
The statistical technique used to determine the significance of the results of 
this study was analysis of covariance on the experimental and control groups. The 
General Chemistry 112 final grade point average served as a covariate with the 
cumulative laboratory test averages. Chi-square analysis and proportions of 
answers were made on the questionnaires. A t-test for matched groups was 
employed as a statistical technique and the acceptance level was set at 0.05 level 
of significance. 
Data for the experimental and control groups was prepared and taken to the 
Atlanta University Center Corporation Computer Center where the Peabody 
Statistical Library Analysis of Covariance Program was utilized on the IBM 1130 
computer system. This program computes group means, group standard deviations, 
correlation between covariate and criteron for each group, performs the F-test for 
homogeneity of within class regression including degrees of freedom (d.f.) and the 
probability of chance occurrence, analysis of variance for criterion alone and 
analysis of variance for covariate alone including sum of squares, degrees of 
freedom, mean squares, F ratio and probability of chance occurrence, and a 
tabulated form of the data. 
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Analysis of covariance utilizes the relationship between a dependent variable 
(cumulative test averages) and an independent quantitative variable for which 
observations are available (pre-experiment final General Chemistry 112 grade point 
averages) in order to reduce experimental error and make the experiment a more 
powerful one for studying treatment effects. This statistical technique adjusts the 
pre-and post-experimental values by treating the two comparison group means as if 
they were equal mathematically by regression analysis. 
Analysis of covariance is especially well suited to educational research 
because it adjusts for the difficulty in selecting randomly the groups that are 
exposed to an experimental technique.It was used in this study because the 
laboratory sections of Elementary Organic Chemistry 231 were established through 
the registration procedure prior to the commencement of this study. 
The Chi-square test was used for statistically evaluating the responses on the 
questionnaire relative to the frequencies which were placed in distinct categories. 
This test, commonly referred to as a distribution-free test of significance, makes 
no assumptions about the shape of the parent distribution or population. The Chi- 
square procedure involves a "goodness-of-fit test", which enables the investigator 
to determine any significant difference between an observed number of frequencies 
and the expected number of frequencies within certain categories, based on the null 
hypothesis. 
The t-test was the statistical technique employed on the matched groups. 
The t-test is employed to establish the magnitude of statistically significant 
differences between two means. Significance refers to departure from differences 
which might be attributed to chance alone. 
Summary 
A description of the course, students, and instructionai materials used in 
Elementary Organic Chemistry during the first semester of the 1978-1979 
academic year at Spelman College was provided. Also included in this chapter 
were details of the design of the research, the student population and sample, the 
laboratory activities, the measuring instruments and the statistical treatment. 
Elementary Organic Chemistry 231, a required course for majors in several of 
the Natural Sciences disciplines, is taught at the four undergraduate schools in the 
Atlanta University Center. Organic Chemistry 232 is a course that follows Organic 
Chemistry 231 in which the same textbook and laboratory manual are used. Data 
for this study was collected during and at the end of the course that began in 
September 1978 and ended in December, 1978. 
The purpose of this investigation was to determine if there was any 
significant difference in achievement by students using the adopted laboratory text 
by Moore and Dalrymple^ from that of students using laboratory materials 
developed by this investigator. 
The findings, statistical analysis of the findings and results of this 
investigation will be considered in the next chapter. 
RESULTS AND FINDINGS 
During the first semester of the academic year, 1978-1979, an investigation 
was conducted to reveal the effects of using laboratory instructional materials, 
developed by this writer, on the achievement of students enrolled in Organic 
Chemistry 231 at Spelman College. For the study, one laboratory section was 
selected for the experimental group and two other sections provided the control 
group. 
The population, according to the designation previously described, consisted 
of those students who were enrolled in sections 1, 2, and 3 of Organic Chemistry 
231; specifically 57 students, of whom 23 were in the experimental group and 34 
were in the control group. 
The analysis of data relative to the achievement of students in Organic 
Chemistry 231 laboratory is presented in this chapter. Analysis of covariance, to 
test the significance of the difference in means between the two methods of 
instruction, was used as a statistical technique. Other statistical methods 
employed were the t-test for matched gorups, chi-square analysis on frequency 
counts of responses on a questionnaire, and proportions of answers expressed as 
percentages on the same questionnaire. 
Testing Hypothesis by Analysis of Covariance 
To test the significance of difference in means between the laboratory 
instructional materials developed by this investigator and the adopted laboratory 
text by tVioore and Dalrymple, covariance analysis was used. Analysis of 
covariance, by incorporating elements of analysis of variance and regression, 
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provides a test of significance for comparison of groups, with a covariable as a 
control placed on the differences of variables known or suspected to influence the 
dependent or criteron variable. In both analyses the covariable was the General 
Chemistry 112 final grade point averages, the cumulative test averages being the 
criteron outcome to test the hypothesis that was stated in the null. The results of 
the analysis of covariance are summarized in Table 2. 
Table 2. Analysis of Covariance of Experimental and Control Organic Chemistry 
Students' Achievement Performance (General Chemistry 112 Final Grade Point 
Averages and Cumulative Test Scores Averages (Covariates)). 
Residuals 
Source of Degrees of Sum of Mean F* 
Variation Freedom Squares Squares 
Between 1 246,315.78 246,315.78 
1.805 
Within 54 7,368,617.00 136,456.00 
Total 55 7,614,932.78 
* 
Not significant beyond the 0.05 level. 
I. "There is no significant difference in the final cumulative test score 
avarages due to the use of the laboratory manual developed by this investigator as 
compared with the use of the adopted laboratory manual by Moore and Dalrymple 
in Elementary Organic Chemistry 231 at Spelman College relative to General 
Chemistry 112 grade point averages and cumulative test scores averages." 
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The computed value of 1.805 was less than an F value of 4.08 required for 
significance (1 and 54 degrees of freedom); therefore, the writer failed to reject 
the null hypothesis. 
The results of the analysis of data show that there are no significant 
differences in the cumulative test score averages when the experimental and the 
control groups are adjusted for differences in the total General Chemistry 112 final 
grade point averages. 
The t-value for testing the significance of the Pearson Product - moment 
correlation of cumulative test scores averages (CTA) on General Chemistry 112 
final grade point averages (GCA) were computed as an extension of the analysis of 
covariance. The results are summarized in Table 3. 
Table 3. Summary of Data for Computation of t-Values. 
Significant 
Regression Source d.f. t at 0.05 Level 
GCA - CTA Control 32 3.90 Yes 
GCA - CTA Experimental 21 0.869 Yes 
The computed values of 3.90 and 0.869, respectively, were greater than the 
table values of 0.349 and 0.413, respectively, required for significance at the 0.05 
level of confidence; therefore, the decision to use the General Chemistry 112 final 
grade point averages as covariate with cumulative test scores averages appears to 
be justified by the significance of the Pearson Product-moment correlation 
between these items. 
Results of t-Tests for Matched Groups 
The t-test technique was employed to evaluate matched group data 
(cumulative test scores averages and General Chemistry 112 final grade point 
averages) over intervals of 20 in order to test the following hypothesis: 
I. "There is no significant difference in achievement among students enrolled 
in Elementary Organic Chemistry 231 laboratory sections at Spelman College when 
matched groups are compared on cumulative test averages and General Chemistry 
final grade point averages over intervals of twenty." 
A t-value was computed for each of three matched groups. This test was 
used to compare the means of two groups to determine whether or not the 
difference (between the means) is sufficient to assume that the group actually 
represents two different populations. The results are summarized in Table 4. 
Table 4. Summary Data for Comparison of Matched Groups (Cumulative 












100-81 86.00 3 87.33 6 7 0.46 
80-61 77.27 15 69.38 21 34 -2.89 
60-41 57.40 5 51.50 6 9 2.21 
* 
Not significant at 0.05 level of confidence. 
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The t-values obtained were less than the tabulated t-values of 2.36, 2.04, and 
2.26 respectively, required for significance at the degrees of freedom indicated. 
Using these data as added support, the writer failed to reject the null hypothesis 
stated thus: "there is no significant difference in achievement among students 
enrolled in Elementary Organic Chemistry 231 laboratory sections at Spelman 
College when matched groups are compared on cumulative test averages and 
General Chemistry 112 final grade point averages over intervals of twenty." 
By observing the data in Table 4, one can detect that the means of the second 
and third group comparisons are in favor of the experimental group, while the mean 
of the first group comparison favors the control group, however not to the degree 
of statistical significance. 
The means of the groups in each paired group are closer to each other than 
they are to the means of the next paired group.. Since all t-values were not 
statistically significant, it is evident that the groups came from the same 
population. 
Results of Analysis of Questionnaire Relative to 
Use of Laboratory Instructional Materials in 
Elementary Organic Chemistry 231 
It was described on page 33 how a questionnaire was used to collect data on 
the students' evaluation of the usage of laboratory instructional materials, 
developed by this investigator, in Elementary Organic Chemistry 231 during the fall 
semester of the academic year 1978-1979. 
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The evaluation form was given to all 23 students who were enrolled in the 
experimental laboratory section of Elementary Organic Chemistry 231 during the 
fall of 1978. All items included on the form were written in terms of a positive 
statement with the respondents circling the appropriate answer: A-strongly agree, 
B-agree, C-undecided, D-disagree, and E-strongly disagree. 
Anonymity was maintained by having students not write their names or other 
identifying information on the evaluation form. In addition, the form was handed 
out along with other questionnaires to be administered, relative to the course as a 
whole. 
Results of Chi-Square Analysis 
There were 23 students who responded to the evaluation form. The first item 
on the evaluation form was: 'The laboratory experiments were clearly written and 
easy to follow." These subjects responses are considered by use of a statistical 
technique described below. 
Chi-square analysis was used to test the following hypothesis and the results 
are summarized in Table 5. 
II-A "There is no significant difference in the number of students in the 
experimental group who felt that the laboratory experiments were clearly written 
and easy to follow." 
A chi-square analysis of the number of students who agreed or disagreed is 
presented in Table 5. 
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Table 5. A Chi-Square Analysis of Students' Evaluation of Laboratory Instructional 
Materials. 
Strongly 
Agree Agree Undecided Disagree 
Strongly 
Disagree 
Observed Responses 3 15 1 2 0 
Expected Responses 4.6 4.6 4.6 4.6 4.6 
X2 = 32.96 d.f. = 4 0.05 > P 
A table of critical values revealed that the chi-square value required for 
significance at 0.05 is 9.49 (with four degrees of freedom); therefore the null 
hypothesis was rejected. The alternative hypothesis, "There was a significant 
difference in the number of students in the experimental group who felt that the 
laboratory instructional materials were clearly written and easy to follow" was 
accepted. 
The second item listed on the evaluation form was: "I achieved satisfactory 
results following the laboratory procedures as they were written most of the time." 
Chi-square analysis was used to test the following hypothesis. 
II-B "There is no significant difference in the number of students enrolled in 
the experimental laboratory section of Elementary Organic Chemistry who felt 
that the laboratory procedures were reliable in yielding satisfactory, reproducible 
results by the students in the laboratory." The results of Chi-square analysis 
testing this hypothesis are summarized in Table 6. 
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Table 6. A Chi-Square Analysis of the Reliability of the Laboratory Experiments. 
Strongly 
Agree Agree Undecided Disagree 
Strongly 
Disagree 
Observed Responses 2 16 2 1 1 
Expected Responses 4.6 4.6 4.6 4.6 4.6 
X2 = 36.82 d.f. = 4 0.05 > P 
The chi-square value required for significance at 0.05 is 9.49 (with four 
degrees of freedom); therefore the null hypothesis was rejected. The alternative 
hypothesis, "There was a significant difference in the number of students enrolled 
in the experimental laboratory section of Elementary Organic Chemistry 231 who 
felt that the laboratory procedures were reliable in yielding reproducible results," 
was accepted. 
The third item on the evaluation form was: "The laboratory experiments 
enhanced my understanding of the lecture material." Chi-square analysis was used 
to test the following hypothesis. 
1I-C "There is no significant difference in the number of students enrolled in 
the experimental laboratory section of Elementary Organic Chemistry 231 who felt 
that the laboratory experiments enhanced their understanding of the lecture 
material. Chi-square analysis of this hypothesis is summarized in Table 7. 
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Table 7. A Chi-Square Analysis of the Effectiveness of Laboratory Experiments in 
Enhancing Understanding of the Lecture Material. 
Strongly 
Agree Agree Undecided Disagree 
Strongly 
Disagree 
Observed Responses 6 13 2 2 0 
Expected Responses 4.6 4.6 4.6 4.6 4.6 
X2 = 23.27 d.f. = 4 0.05 > P 
The chi-square value required for significance at 0.05 is 9.49 (with four 
degrees of freedom); therefore, the null hypothesis was rejected. The alternative 
hypothesis, "There was a significant difference in the number of students enrolled 
in the experimental laboratory section of Elementary Organic Chemistry 231 who 
felt that the laboratory experiments enhanced their understanding of the lecture 
material," was accepted. 
The fourth item on the evaluation form was: 'It was necessary to use other 
sources or books to fully understand the laboratory experiments," Chi-square 
analysis was used to test the following hypothesis. 
II-D 'There is no significant difference in the number of students enrolled in 
the experimental laboratory section of Elementary Organic Chemistry 231 who felt 
it was necessary to use outside materials in order to understand the laboratory 
experiments. Chi-square analysis of this hypothesis is summarized in Table 8. 
Table 8. A Chi-Square Analysis of the Number of Students Using Supplementary 
Materials. 
Strongly 
Agree Agree Undecided Disagree 
Strongly 
Disagree 
Observed Responses 0 2 2 19 0 
Expected Responses 4.6 4.6 4.6 4.6 4.6 
X2 = 37.44 d.f. = - 4 0.05 > P 
The chi-square value required for significance at 0.05 is 9.49 (with four 
degrees of freedom); therefore the null hypothesis was rejected. The alternative 
hypothesis, "There was a significant difference in the number of students enrolled 
in the experimental laboratory section of Elementary Organic Chemistry 231 who 
felt that it was necessary to use outside materials in order to understand the 
laboratory experiments," was accepted. 
Two other items were included on the evaluation form: (1) "The laboratory 
experiments were too difficult" and (2) "My laboratory grade reflects understanding 
of the laboratory experiments covered in this course." Analysis of the responses to 
the two items above revealed that the majority of the students enrolled in the 
experimental section of Elementary Organic Chemistry 231 (85%) did not feel that 
the laboratory experiments were too difficult and 95% of the students felt that 
their laboratory grades did not reflect their understanding of the laboratory 
experiments. 
Since the number of students receiving a grade of "A" in the experimental 
laboratory section of Elementary Organic Chemistry 231 constituted less than ft of 
45 
the total number in the experimental section, the factor of bias due to grades can 
be partially eliminated when considering the number of favorable responses 
received on the evaluation form relative to the use of the laboratory experiments 
written by this investigator. In addition, although no attempt was made to 
determine the significance, the lecture instructor made the observation that there 
was a favorable trend among the students enrolled in the experimental laboratory 
section of Elementary Organic Chemistry 231 in their performance on the final 
examination in the course. The experimental class, on a whole, showed greater 
improvement in achievement on the final examination when compared to the 
control gorup. In view of the findings discussed in this chapter, it is this writer's 
opinion that the laboratory instructional materials used by the experimental group 
caused no loss in achievement when compared with the control group. 
Summary 
This chapter has detailed the findings of the present investigation resulting 
from the comparison of achievement among students using experiments from two 
different laboratory manuals: the adopted text by Moore and Dalrymple used by 
the control group and laboratory instructional materials developed by this 
investigator and used by the experimental group. These findings have been 
interpreted according to (a) analysis of covariance, (b) t-test, (c) chi-square, and (d) 
proportions of responses expressed as percentages. 
The statistical analysis of the study on achievement in Elementary Organic 
Chemistry 231 failed to show a significant difference between the control and 
experimental group, but did show a trend which tended to favor the experimental 
group. 
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Four hypotheses were rejected that were formulated on items listed on an 
evaluation form, administered to the experimental laboratory section of Elemen¬ 
tary Organic Chemistry 231. 
In the following section, the summary, conclusions, and recommendations of 
this study based on these findings will be presented. 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The purpose of this study was to investigate experimentally the effectiveness 
of using laboratory instructional materials, developed by this investigator, on 
student achievement in Organic Chemistry 231 at Spelman College. The students 
in the experimental group were supplied copies of the experiments and instructional 
materials. 
The subjects of the investigation were students enrolled in Organic Chemistry 
231 during the first semester of the academic year 1978-1979. The experimental 
group of 23 subjects was exposed to the investigator's laboratory instructional 
materials while the control group used the adopted laboratory manual by Moore and 
Dalrymple. 
The study involved three laboratory sections; one (section 2) was the 
experimental group and the other two (sections 1 and 3) constituted the control 
group. 
Analysis of covariance was utilized to test the major null hypothesis which 
was that there will be no major significant difference in student achievement due 
to the use of laboratory instructional materials, developed by this investigator, as 
compared with the use of the adopted laboratory manual relative to the General 
Chemistry 112 final grade point averages and the cumulative test averages. The 
"t" statistic was used to compare the mean cumulative test averages for each of 
three matched groups. Chi-square analysis and proportion of responses expressed 
as percentages were used as statistics for the questionnaire. 
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An opinion survey was made to determine the feelings of students toward the 
laboratory instructional materials developed by the writer. 
Conclusion 
The following conclusions are presented in terms of the stated purpose of this 
investigation and the observed effects of the use of two different laboratory 
manuals. 
1. The laboratory manual developed by this investigator can be success¬ 
fully used in the Organic Chemistry 231 course with no loss in 
achievement. 
2. More than 75% of the students in the experimental group indicated that 
the hand-out laboratory experiments were reliable. 
3. More than 75% of the students in the experimental group indicated that 
the experiments were written with clarity. 
4. More than 75% of the students in the experimental group indicated that 
the laboratory exercises enhanced their understanding of the lecture 
material in Organic Chemistry. 
Use of the analysis of covariance technique in the statistical treatment of the 
data led to conclusions that were not among the originally stated objectives of this 
study: 
1. The General Chemistry 112 final grade point averages correlate highly 
with the cumulative test averages. 
The General Chemistry final grade point averages are reliable predic¬ 
tors of achievement in the Organic Chemistry course sequence. 
2. 
Recommendations for Future Research 
This study has provided some of the answers to the problem under 
consideration. The stated findings and conclusions, in this investigator's opinion, 
are significant and relevant to the teaching of chemistry, particularly at the 
college level. 
In view of the findings in this study, some implications for research on the 
teaching of chemistry and student achievement in chemistry are apparent. They 
are as follows: 
1. A replication of this study using one or more different variables, such as 
theGeneral Chemistry Cumulative test scores, the number of times the 
students have been enrolled in chemistry courses, or whether the 
student has had any additional post-high school chemistry training 
and/or experience not credited toward fulfillment of course require¬ 
ments. 
2. A replication of this study using a different laboratory manual or using 
the same manual, but using different experiments. 
3. An investigation of the total achievement in organic chemistry as 
measured by the effect of laboratory instruction in the course. 
4. An investigation of student comprehension of the laboratory experi¬ 
ments and instructions by pre-laboratory testing using the adopted text 
versus this investigator's laboratory manual. 
5. An investigation using visual, audio-visual, and other laboratory 
instructional aids as supplements to the current laboratory manual. 
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Since laboratory instruction plays such a vital role in the teaching of 
chemistry, i.e., students can be turned on or off by the laboratory experiences, 
conscientious efforts should be made to ensure that the laboratory exercises are 
well organized, clearly-defined, interesting and relevant. 
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ORGANIC CHEMISTRY 231 
Textbook: "Organic Chemistry" by R. T. Morrison and R. N. Boyd, 3rd edition. 
Study Guide to the above test. 
Chapter Number of 
Meetings Problem Assignments 
I. Structure and Properties 4 1.1, 1.2, 1.3, 1, 2, 
5, 8,9, 11, 12 
II. Methane 4 2.1, 11, 12, 13, 14, 
1, 2, 3, 4,9 
III. Alkanes 3 3.1, 3.4, 2.5a, b, 
1, 2, 9, 3.9, 3.10, 
8, 10, 11, 13, 15, 
18 
IV. Stereochemistry I 3 4.1, 4.2, 4.3, 3, 4, 
9, 12, 4.5, 4.6, 4.11, 
4.12, 4.13, 10 
V. Alkenes I 3 1, 2, 3, 4, 5, 6, 7, 
8, 9, 12, 13 
VI. Alkenes II 4 6.1, 1, 2, 3, 4, 7, 
8, 10, 13, 6.20, 11, 
12, 14, 15, 17 
VII. Stereochemistry II 3 7.2, 7.4, la-e, 3, 5, 
7.11, 7.12 
VIII. Alkynes, Dienes 3 la-c, 4, 5, 6, 7, 8, 




Chapter Number of 
Meetings Problem Assignments 
IX. Alicyclic Hydrocarbons 3 9.1, 9.6, 9.10, 9.17, 
1, 2, 3, 11, 13, 15 
X. Benzene 3 10.8, 1, 2, 3, 4, 9, 
10, 12 
XI. Electrophilic Aromatic 
Substitution 
3 la-i, 2a-j, 3a-e, 4, 




ORGANIC CHEMISTRY 231 
Textbook: "Experimental Methods in Organic Chemistry" by James A. Moore 
L. Dairymple, 2nd edition. 
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1. Melting Point ditto, 
p. 7-11 I 
2. Crystallization 
(omit crystallization of 
Propyl N-Phenyl carbamate) 
Chapt. 2 . 1-5 I 
3. Extraction Chapt. 3 1-4 I 
4. Distillation Chapt. 4 1-4 I 
5. Vapor Phase 
Chromatography 
Chapt. 5 1 I 
6. Thin Layer 
Chromatography 
Chapt. 6 1-3 I 
7. Column Chromatography Chapt. 7 1-3 I 
8. Free Radical Chlorination Chapt. 11 1-3 P 
9. Relative Rates of Bromination ditto I 
10. Dehydration of 
2 -methylcyciohexanol 
Chapt. 13 1-5 P 
11. Cholesterol from Gallstones ditto P 
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12. Geometric Isomerization 
of Dimethyl Maleate 
13. Diels-Alder Reaction 
14. Hydration of An Alkyne 




Chapt. 14 1-3 
ditto 
Chapt. 21 1-3 





SELECTED ORGANIC CHEMISTRY LABORATORY EXPERIMENTS 
Melting Point Determination 
No physical constant of solids is more widely used by organic chemists than 
the melting point. In a practical sense, the melting point of a crystalline solid is 
simply the temperature at which the solid changes to a liquid under a pressure of 
one atmosphere. The change is usually quite sharp and the temperature is 
characteristic and not significantly affected by moderate changes in pressure for a 
pure substance. Hence, the melting point is a convenient constant commonly used 
to identify a solid. 
For pure substances, the melting point and freezing point are identical. The 
liquid form of the substance, when cooled in such a way that supercooling is 
prevented, solidifies at the same temperature at which the solid phase melts. The 
melting point, then, can be defined as the temperature at which the liquid and solid 
phases can exist in equilibrium at one atmosphere of total pressure (Fig. 1). 
Because the melting point is always markedly altered by the presence of impurities, 
it is a valuable criteron of purity. 
To examine the effect of impurities on the melting point of compounds, 
consider a generalized equilibrium temperature-composition diagram for a two 
component system, containing ratio of the X + Y mixture that is lower than the 
temperature of any other ratio of the X + Y mixture. This temperature is reached 
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Fig. 1. Vapor pressure diagram for the solid and liquid phases of a chemical 
compound. 
when the liquid solution becomes saturated with Y, causing some of the solid Y to 
remain after all of X has melted. In Figure 2, up to point E (eutectic composition) 
all of Y will dissolve in the melting X. After point E, when all of X is melted, a 
portion of approximately 80% of X and 20% of Y, in which either of these can be 
considered as an impurity in the other (Fig. 2). A small amount of X can lower the 
melting point of Y and a small amount of Y can lower the melting point of X. As 
the component with the lower melting point, X, begins to melt, solid Y dissolves in 
the liquid. The vapor pressure of the liquid solution of X and Y is lower than that 
of pure liquid X at the melting point, while the vapor pressure of solid X at a 
particular temperature is virtually unchanged by the impurity Y, since the solids no 
not mix together intimately. This means that the temperature at which solid X 
melt is lower with Y present. 
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%Y 0 20 40 60 80 100 
Composition ( mole % ) 
Fig. 2. Melting point composition diagram for the binary mixture, X + Y. The 
presence of an impurity in a solid not only decreases the melting point but also 
produces melting over a relatively wide temperature range. In this diagram, x is 
the melting point of the solid X, y, of the solid Y, and e of the eutectic mixture E. 
The range e-m is the melting range of the solid. 
If the melting points of X and Y are not too far apart, there will be a 
temperature (eutectic temperature) of a specific solid Y will remain. A solid 
mixture with the eutectic composition (60% X - 40% Y) will melt sharply at the 
eutectic temperature, e. Below the eutectic temperature all mixtures of X and Y 
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are completely solid. Above this temperature, but below XEY, solid is in contact 
with liquid. Above XEY only liquid exists. Thus the curve XEY shows the 
temperature at which the mixture completely liquifies. Eutectic mixtures, as well 
as the pure substances, X and Y, melt sharply over very narrow ranges. With all 
mixtures of X and Y, other than the eutectic composition, as the temperature is 
raised, melting begins at the eutectic temperature and continues until the 
temperature of complete liquification for that particular mixture is reached. 
Again consider the melting of a solid mixture composed of 80% X and 20% Y. 
As heat is applied, the temperature of the solid mixture rises. As heat is applied, 
the temperature of the solid mixture rises. When it reaches the temperature, e, X 
and Y will melt together at a constant ratio (the eutectic composition) and the 
temperature will remain constant. When the minor component, Y, is completely 
liquified and more heat is applied, solid X, in equilibrium with the eutectic 
composition of liquid X and Y, continues to melt to a corresponding increase in 
temperature. Since the vapor pressure of liquid X increases as the mole fraction of 
X in the liquid increases, the temperature required to melt X will also rise. 
Melting will occur along curve EM in Figure 2, giving an observed temperature 
range of e-m. 
Although in theory this range should be exactly between the eutectic 
temperature and the curve xEy, it is generally possible to see changes only after an 
appreciable amount of the mixture has liquified. For moderately impure X 
(corresponding to points x and E on the curve) the purer X becomes the narrower 
the range observed, despite the increasing theoretical range. In general, as a 
compound is purified, the melting becomes sharper (range narrower) and higher. 
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Two samples of the same compound, having the same melting point, should 
give the same melting point when they are mixed together. Also, in general, 
samples of two different compounds having the same melting point will behave as 
impurities toward each other in a mixture. That is, in most cases, such mixtures 
will have large melting ranges (unless very close to the eutectic composition) and 
the apparent melting points will be significantly depressed. The mixed melting 
point, then, can be used as a reliable means of confirming the tentative 
identification of a solid compound when a known (authentic) sample is available. 
By determining the melting points of various substances and mixtures, you 
will acquire the skill in the use of the technique necessary to tentatively identify 
an unknown substance, given the melting points of a list of possible compounds. 
Determination of Capillary Melting Points 
Place the sample in a closed-end capillary tube of the commercial variety or 
one prepared from a piece of 10 mm soft glass tubing by heating and drawing to an 
outside diameter of about 1-1.5 mm. (If you are to make your own capillaries, your 
instructor will demonstrate the procedure.) The easiest way to fill the capillary is 
to place a bit of the powdered sample on a small watch glass or the bottom of an 
inverted beaker and tap the open end of the capillary into the solid a few times. 
The solid may be made to "filter" down to the closed end of the tube by inverting 
the tube and scratching it gently with a file, or by tapping the closed end of the 
tube briskly on a solid surface. The solid should be tightly packed in the tube, and 
this can best be accomplished by finally dropping the capillary through a larger 
piece of glass tubing about two feet in length onto a hard surface. The size of the 
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sample should be such as to fill the capillary to a depth of 2-3 mm after the 
compacting process. It should not be larger. Attach the capillary to a 
thermometer by means of a small rubber band (conveniently obtained as a slice of 
ordinary rubber tubing). The sample itself should be directly adjacent to the bulb 
of the thermometer. The rubber band should be positioned such that even at 200° 
it will remain above the level of the heating fluid (see Figure 3). This 
accomplished, the thermometer is placed into a heating vessel and supported by 
means of a bored cork cut away on one side so as to make visible the thermometer 
markings in that vicinity. This cut also serves the purpose of making the apparatus 
an open system. One should never heat a closed system. By application of heat 
from a small Bunsen burner (microburner) raise the temperature of the heating 
fluid slowly (about 2° per min). Note the temperature at which melting is first 
observed and the temperature at which the last of the solid melts and record these 
as the melting range of the solid. As one can obviously spend a great deal of time 
approaching the melting point of a high-melting solid this way, it is usually 
convenient to prepare two samples of the solid under consideration and determine 
the approximate melting point of the first by heating rapidly. Then let the heating 
fluid cool to 10-15° below this approximate point and insert the second tube and 
reheat slowly to the melting point. 
The observed melting point is dependent on a number of factors: sample size, 
state of subdivision of the sample, and heating rate, as well as purity and identity 
of the sample. The first three cause the observed melting point to differ from the 
actual melting point due to the time lag in heat transfer from heating fluid to 









Rubber Band or 
Segment of Rubber 
Tubing 
Level of Heating Fluid at 200C 
Level of Heating Fluid at 
Room Temperature 
Microburner 
Fig. 3. Thiele melting point apparatus 
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thermometer reading will lag behind the actual temperature of the heating fluid. 
Following the prescribed procedure, determine the melting point (or range) of 
the following: 
1. Pure urea; 
2. Pure trans-cinnamic acid; 
3. Mixtures of the above two compounds in the proportions given below: 
















It is not necessary to weigh out each sample individually. Place a small amount 
(about 0.5 to 1.0 g) of each pure compound on watch glasses or smooth paper. 
Subdivide them with a spatula into small piles, estimating the proper ratios, mix 
them initially with the spatula, and introduce them into capillary tubes. 
Using the Thomas-Hoover melting apparatus, check the melting point of pure 
urea, trans-cinnamic acid and at least two mixtures. Make a plot of melting 
temperatures (vertical) versus composition (horizontal); in the case of the mixtures, 
record the temperature of disappearance of the last bit of solid. Estimate the 
eutectic temperature and composition. 
Unknown 
Determine the melting point of an unknown supplied by your instructor and 
identify it by consulting a list of possibilities and their melting points which will be 
provided. 
Thin Layer Chromatography 
Thin layer chromatography (TLC) is an important technique for the rapid 
separation and qualitative analysis of non-volatile substances. This technique 
depends upon the rapid distribution of substances between two phases, a moving 
liquid phase and a stationary solid phase. A small amount of the sample solution is 
applied at one end of a small glass plate or plastic sheet covered with a thin layer 
of adsorbent coating. After the sample is applied, generally at a point about 1.5- 
2.0 cm from the lower edge of the chromatographic sheet, the solvent is allowed to 
evaporate, leaving the spot of the solute behind. The sheet is positioned into a jar 
containing a small amount of developing solvent; the sample spot must be well 
above the liquid level. The jar is covered and the chromatogram is allowed to 
develop by the movement of the solvent up the chromatographic sheet by capillary 
action. Components in the spotted sample should move up with the solvent through 
the adsorbent at different relative rates, ideally. These rates depend on several 
factors, including the chemical nature of the components of the sample being 
analyzed, the nature of the solvent, and the activity of the adsorbent. A separation 
is achieved when all of the factors are optimally suited for the sample mixture. 
Separation is achieved by the selective removal of components from the 
liquid phase (through the process of adsorption and desorption) as it passes over the 
solid stationary phase. Generally, the more polar compounds are adsorbed more by 
the solid phase because they bond more strongly. Therefore, the less polar 
compounds move over the stationary phase, in the direction of the flow of the 
liquid, at a higher rate. The individual components can then be detected as 
separate spots along the TLC plate. 
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The chief uses of TLC are to determine the number of the components in a 
sample, to detect a given compound or compounds in a very crude mixture, and, in 
a preliminary triai, to find optimum conditions prior to running the chromatogram. 
To detect colorless compounds in a mixture, the developed chromatogram is 
treated with a general reagent, such as iodine vapor. Nearly all compounds adsorb 
iodine or react with it to form violet or brown spots on the TLC sheet. However, 
the relative intensities of the spots is not an accurate indication of the amount of 
the compounds present since the extent of reaction varies. Another method of 
visualizing spots is illumination of the plate with an ultraviolet lamp. Many 
substances, particularly aromatic compounds, will show a bright fluorescence which 
may have a characteristic color. A third visualization technique is the use of an 
adsorbent layer that contains a trace of fluorescent dye. Compounds that are 
fluorescent will show up as bright spots on a light background; any others will 
appear as dark spots, since they absorb the ultraviolet light and prevent the 
fluorescence of the dye. 
For identification of a specific compound in a mixture, the TLC behavior of 
the mixture is compared with that of an authentic sample on the same plate. A 
given compound will always travel a fixed distance relative to the solvent front 
under the same conditions, which include sample quantity, solvent system, and the 
adsorbent coating. This ratio of the distance traveled by the compound to the 
distance traveled by the solvent front is called the value. stands for "ratio 
to front", and it is expressed as a decimal fraction: 
R _ distance traveled by substance  
* distance traveled by solvent front 
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When the conditions are completely specified, the value is constant for any 
given compound, and it corresponds to a physical property of that compound which 
may be used to tentatively identify the substance. 
To calculate the value for a given compound, the distance is measured 
from the point it was originally spotted to the center of the migrated spot. This 
distance is then divided by the distance traveled by the solvent front from the same 
original spot (Figure 4). 
Final position of the 
solvent front 
Starting Line 
Fig. 4. Distances involved in calculating Rf (R^ = C/S, where C is the distance 
traveled by sample compound and S is the distance traveled by the solvent front. 
Thin Layer Chromatography 
Procedure 
Place about 20 mg of the reference compounds in labeled test tubes and 
dissolve the samples in about 1.0 ml of methanol. In a fifth tube place a quarter of 
an analgesic tablet and add 1 ml of methanol. Crush the tablet with a rod, stir 
well, and allow the insoluble material to settle (or use the centrifuge). Obtain an 8 
X 14 cm piece of flourescent TLC sheet and spot samples of the five solutions 1 cm 
from the end and 1 cm apart. The unknown sample should be in the center lane. 
When the spots are dry place the sheet in a wide mouth jar or beaker with a solvent 
pool about 6 mm deep. The solvent is a mixture of ethyl acetate and chloroform in 
a ratio of 80:20. Cap the bottle or cover the beaker with aluminum foil tightly and 
allow the chromatogram to develop. About 15 min are required for the solvent to 
rise within about 2 cm of the top. 
Remove the sheet from the jar, recap the jar and mark the solvent boundary 
with a small scratch. Examine the chromatogram under a UV lamp and sketch the 
appearance in your notebook indicating the location and the approximate size of 
the spots and distinctive colors. After this examination, place the sheet in a jar of 
iodine vapors for 30 sec, remove, again record the appearance. Identify the spots 
in the chromatogram, including as many of the spots of the unknown as possible. 
Deduce the identity of your unknown from the number of spots and the possible 
compositions of the unknown. 
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Column Chromatography 
Chromatography on a column of adsorbent provides a means of separation and 
isolation of the components of a mixture. The sample is applied at the top of the 
column, and the solvent is then allowed to flow through the adsorbent. This process 
develops the chromatogram into bands of individual compounds; these bands can be 
eluted or washed off in sequence by additional solvent and collected into fractions. 
The column is prepared and developed using the least polar solvent that permits 
movement of the compounds at a practical rate. A more polar solvent may be 
needed to effect elution of the compounds. The second solvent must be blended 
into the eluting liquid gradually to avoid disrupting the zones that have been 
developed. 
In practice, the development and elution steps are often not entirely distinct, 
since the fastest moving band may begin to emerge from the column before 
separation of the slower moving bands is complete. 
The column may be prepared in a buret or tube as shown in Figure 5. The 
adsorbent is supported on a fritted disk or plug of glass wool or cotton with a layer 
of sand to retain small particles. The ratio of the diameter to column height is 
about 1:10. The tube is partially filled with solvent and the adsorbent is added in a 
fine stream to give a compact and uniform column. A little sand is placed above 
the adsorbent to prevent disturbance of the top layer. Solvent is drained from the 
column until the level is just above the adsorbent. The sample is added in a 
minimum volume of solvent. The solvent level should be above the adsorbent at all 






container to hold 
eluent 
Fig. 5. Chromatography column. 
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In this experiment column chromatography is illustrated with leaf extract, 
using alumina as the adsorbent. 
Procedure 
Extraction of the Pigments 
The chloroplasts of all seed-bearing plants contain approximately the same 
mixture of pigments. The exact composition depends on the age of the plant and 
the conditions of growth, and the exact amount of the individual pigments may 
vary. Any dark leaves can be used; deeply pigmented leaves such as those of 
spinach or a maple tree are good sources. The procedure for the extraction of the 
pigments from green leaves are as follows: 
Remove the stems from about 2 g of leaves and chop the leaves into small 
pieces with scissors. Place the leaf tissue in a mortar, add one half teaspoon of 
sand and 5 ml of methanol, and grind with a pestle to a coarse mesh. Transfer the 
mesh to a test tube, add 10 ml of hexane, and stir thoroughly. Pour off the hexane 
layer into a second test tube, squeezing the leaf residue with a spatula. To the 
hexane solution add an equal volume of water, stopper the test tube, and shake 
thoroughly to extract the methanol. Remove the lower layer (containing some 
emulsified upper layer) with a pipet and repeat the extraction of the hexane layer 
with a second portion of water. 
Place a pellet of cotton in a small funnel, add one half teaspoonful of sodium 
sulfate, and filter the hexane solution through the drying agent into a test tube. 
Evaporate the dried solution to about 0.5 ml volume on the steam bath. 
Procedure 
Chromatography 
Push a small plug of glass wool to the bottom of the chromatography tube. 
Fill the tube about one-third full of hexane. Gradually add a 3mm layer of sand. 
Through a funnel, add enough alumina to make a column of about 20 cm. The 
alumina should be added in a slow stream, dislodge any alumina which piles up by 
shaking or tapping the column gently on the side. Add enough sand to give a 3 mm 
layer on top of the alumina. Open the stopcock and allow the solvent to drain into 
a test tube or flask. When the solvent layer reaches the sand, place the 
concentrated solution of the pigments extract drop-wise onto the column. As soon 
as the pigment solution has drained into the sand, rinse with a ml of hexane and 
then fill the space above the column. 
Allow the hexane to flow through the column; before the level reaches the 
sand in the column add a few ml of a hexane-benzene mixture (4:1 ratio of hexane- 
benzene). Continue replenishing the column with solvent as it drains out, noting 
any changes in the appearance of the column. 
As bands begin to separate and move down the column, place empty flasks or 
test tubes under the column to collect the separate pigment solutions as they are 
eluted. If there is little or no movement of pigments on the column, start using 
pure benzene as the eluting solvent. Continue developing and eluting the pigments 
with 4:1 ratio of benzene-methylene chloride solvent mixture followed by pure 
methylene chloride and a 4:1 ratio of methylene chloride-ethyl acetate mixture. 
For the final elution use ethyl acetate-methanol mixture in a 6:1 ratio. 
Summarize in your notebook the course of the development and elution. Note 
the color of each of the fractions and the volume collected. 
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Extraction 
Extraction is a technique used for isolating a compound from a mixture. This 
technique involves the distribution of a compound, called a solute, between two 
immiscible solvents. Immiscible solvents are mixtures of liquids that are insoluble 
in each other, for example, carbon tetrachloride and water. Such solvents will 
form layers with the lighter liquid on top and the heavier liquid on the bottom. 
These layers can be separated through the use of a separatory funnel (Fig. 6). The 
lower layer is drawn off through the funnel stem by manipulation of the stop-cock, 
and the upper layer is poured off through the top of the funnel. It is not a good 
technique to draw off the upper layer through the funnel stem. 
In order to effect intimate contact between two immiscrible liquids for the 
purpose of extracting a solute from one layer into another layer, it is essential to 
shake the two solutions vigorously. For this purpose a stopper should be inserted in 
the top of the funnel. Some caution should be exercised during the shaking process, 
especially if low-boiling solvents are being used. Considerable pressure may be 
produced by the low boiling solvent. It is suggested that the stoppered funnel be 
held in the inverted position, with the stem pointing upward and the stop-cock 
opened to release any pressure within the separatory funnel. This procedure should 
be repeated several times when extracting with low-boiling liquids. This avoids any 
spattering of the liquid that might take place after the upper stopper is opened and 
there is too much pressure within the funnel. 
Water is usually one of the solvents used in the extraction process, and the 
other solvent is usually a nonpolar organic liquid. Diethyl ether, one of the most 
important organic solvents, is used extensively as an extracting solvent because of 
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Fig. 6. Separatory funnel used in the extraction process. 
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its low boiiling point (35°). It is easily removed from the extracted material by 
evaporation over a steam bath. Care must be taken not to use ether near an open 
flame due to its highly inflammable nature. 
In the application of the extraction technique, the compound is dissolved in 
one of two immiscrible solvents and then shaken with the other. If equal amounts 
of the two solvents are used, the amount of the compound in each of the two layers 
will be in direct proportion to the relative solubility of the compound in each of 
these solvents. The ratio of these two concentrations of solute is known as the 
distribution coefficient, K^: 
where and C2 are the concentrations, at equilibrium, in grams per liter of the 
solute in solvent 1 and solvent 2, respectively. This relationship is independent of 
the total concentration and the actual amounts of the two solvents mixed. The 
distribution coefficient has a constant value for each solute considered and is 
dependent on the nature of the solvent. 
To extract a solute from a solution, it is always better to use several small 
portions of the second solvent than to use a single extraction with a large portion. 
As an illustration, suppose a particular extraction will proceed with a distribution 
coefficient of 5. The system consists of one gram of organic compound dissolved in 
100 ml of water (solvent 1). In this illustration, the effectiveness of four 25 ml 
extractions with ether (solvent 2) will be compared with one 100 ml extraction with 
ether. 
If the aqueous solution is shaken with 100 ml of ether, the amount of 
compound remaining in the aqueous layer is given by x. 
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x  S  
ml ether 





100 ml H20 
500x = 100 - lOOx 
600x = 100 
x = 0.167 g in water 
1 -x = 0.833 g in ether 
lOOx 
As a check on the calculation, it is possible to resubstitute the value of 0.617 
g in the original equation and demonstrate that the concentration in the ether layer 
divided by the concentration in the water layer equals the distribution coefficient. 
1.0 - x g = 0.833 
100 ml ether = 100 
x g 0.167 
100 ml H20 100 
= 0.0083 g/ml = 5 = K 
0.00167 g/ml 
If the same aqueous solution is extracted with the same amount of ether, but 
in four 25 ml portions, for the first extraction: 
r - x _S  
e = 5 = 25 ml ether = (1.0 - x) (100) 
Cw X g 25x 
100 ml H20 
125x = 100 - lOOx 
225x = 100 
x = 0.444 g in water 
1.0 -x = 0.556 g in ether 
and for the second 25 ml extraction: 
r 0.444 - x g 
e = 5 = 25 ml ether = (0.444 - x) (100) 
C x g Z5x 
W 100 ml H20 
125x = 44.4 - lOOx 
225x = 44.4 
x = 0.197 g in water 
0.444 g-x = 0.247 g in ether 
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and for the third and fourth extractions: 
x = 0.088 g in water; 0.197 - x = 0.109 g in ether; 
x = 0.039 g in water; 0.088 - x = 0.049 g in ether. 
It is evident that the four extractions which used smaller amounts of ether 
succeeded in extracting 0.128 g more solute from the aqueous layer than one large 
extraction could remove. If the material of interest is present in only small 
quantities or is very expensive, such a difference in efficiency of extraction 
becomes quite important. 
Determination of a Distribution Coefficient 
In this experiment a value will be determined and the efficiency of single 
and multiple extractions compared. A solution containing a known amount of 
benzoic acid (CgH^CC^H) in water is extracted with CHjClj. The amount of acid 
remaining in the aqueous layer is determined by titration with base and the amount 
of acid in the organic layer is obtained by difference. From these two values, is 
calculated. Another extraction is then carried out with the same amount of 
CH2CI2 divided into two portions, and the amount of acid extracted is compared. 
Benzoic Acid Solution. Weigh out 0.610 g (3.00 mmoles) of benzoic acid and place 
the acid in a 250 ml Erlenmeyer flask. Add about 150 ml of water and heat over a 
burner with swirling until the acid is dissolved. Pour the solution into a 250 ml 
volumetric flask or graduated cylinder and rinse several times with water to 
transfer all the acid. Cool the solution and adjust the volume to 250 ml. 
NaOH Solution. Dissolve one pellet of NaOH in 100 ml of water and rinse and fill a 
buret with this solution. Place a 10.0 ml sample of the 0.02 M benzoic acid in a 
small flask and add a drop of phenolphthalein. Titrate to a pink end point. Repeat 
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with a second 10.0 ml sample, average the buret readings, and calculate the 
molarity of the NaOH. 
Distribution Coefficient. Place 50 ml of the benzoic acid solution in a separatory 
funnel and, using a volumetric pipet, add 10 ml of methylene chloride to the funnel. 
Stopper the funnel and shake vigorously for 30 seconds. Remove the stopper, allow 
the layers to separate, and drain off the lower Ch^C^ layer. After a min or two, a 
small additional amount of lower layer can be removed. 
Drain the aqueous layer into a 250 ml Erlenmeyer flask, rinse the funnel with 
a few ml of water, and add the rinse to the flask. Add a drop of phenolphthalein 
and titrate with the NaOH solution to the same color end point used in 
standardizing the base. Calculate the number of mmoles of acid in the water and 
CHjC^ layers, and from these values and the volumes, calculate as on page 25. 
Multiple Extraction. Place another 50 ml sample of the benzoic acid solution in the 
separatory funnel and extract with 5.0 ml of CHjC^» drain off the lower layer, and 
extract with a second 5.0 ml portion of C^C^. After the second extraction drain 
and titrate the aqueous layer and calculate the amounts of acid in the two layers. 
Compare the amount of acid removed by 10 ml of C^C^ in one and two portions. 
As a check on the accuracy of your experimental values, calculate the 
amount of acid that should be removed by two 5 ml extractions, using the value of 
obtained in the 10 ml extraction, and compare with the amount found. 
Separation of Benzoic Acid and p-Dichlorobenzene 
Procedure: 
Weigh out 0.4 g of benzoic acid and 0.4 g of p-dichlorobenzene; combine the 
two solids and dissolve in 20 ml of ether in a 50 ml Erlenmeyer flask. Transfer The 
solution into a separatory funnel; rinse the Erlenmeyer flask with three 5 mi 
portions of ether. Add 15 ml more of ether to the separatory funnel. Shake the 
ether solution with 10 ml of 0.5 N NaOH. Drain off the lower aqueous layer into a 
50 ml Erlenmeyer flask. Shake the remaining ether layer with a second portion of 
0.5 N NaOH and drain off the aqueous layer into the Erlenmeyer flask containing 
the first aqueous layer. Shake the ether solution with 10 ml of water and drain the 
water layer into the flask containing aqueous extracts. Label the Erlenmeyer flask 
as "Benzoic acid" fraction. 
Pour the ether solution out of the top of the separatory funnel into a 125 ml 
Erlenmeyer flask (turn separatory funnel upside down to pour out the ether 
solution). Rinse the separatory funnel with a few ml of ether and add the rinse to 
the ether solution in the flask. Label the flask "p-dichlorobenzene" fraction. Add 
about a teaspoon of magnesium sulfate to the ether solution, stopper, shake and set 
aside for 15 min, shaking occasionally. 
Pour the aqueous "benzoic acid" fraction back into the separatory funnel, 
rinsing the flask with a few ml of water. Add two ml of 6 N HC1 to this solution. 
Check the pH with litmus paper for acidity. If the solution is not acidic, add a 
little more HC1 to produce an acidic pH. Extract the aqueous layer three times 
with 10 ml portions of ether as follows: 
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Shake the aqueous layer with 10 ml of ether, drain off the aqueous (lower) 
layer into the original Erlenmeyer flask labeled "benzoic acid" fraction. Pour the 
ether layer out of the top of the separatory funnel into a clean Erlenmeyer flask 
and label as "benzoic acid". Pour the aqueous layer back into the separatory funnel 
and shake with a second 10 ml portion of ether. Drain lower layer back into 
"benzoic acid fraction" flask. Pour ether layer into flask containing first benzoic 
acid ether layer. Repeat the extraction a third time. Combine all three ether 
extracts and wash with three to four ml of water. Transfer this ether solution to 
the Erlenmeyer flask label "benzoic acid", add drying agent (MgSO^). 
Filter the drying agent from the neutral fraction (p-dichlorobenzene) through 
a loose cotton plug into a 250 ml round bottom flask; evaporate this solution to a 
small volume using suction. Transfer this liquid to a tared test tube, evaporate to 
dryness and crystallize. 
Isolate the benzoic acid in the same way, determine the melting point of both 
compounds and record the weight. Report the total recovery of both compounds 
and the per cent of p-dichlorobenzene in the mixture. 
Cholesterol from Gallstones 
Cholesterol is a crystalline substance present in all tissues of the animal 
origin. 
Chotesterol isolated from gallstones contains small amounts (0.7-3%) of the 
following compounds: Cholestanol (saturated),, 7-dehydrocholesterol (a diene), and 
A^-Cholestene 3 g-ol (a double bond isomer). These compounds are so similar to 
cholesterol in solubility that their removal by crystallization is not feasible. 
However, purification can be accomplished through the sparingly soluble 
cholesterol dibromide. Cholestanol being saturated, does not react and remains in 
the mother liquor. A^-cholestene-3 8-ol and 7-dehydrocholesterol are 
dehydrogenated by bromine to dienes and trienes that likewise remain in the 
mother liquor and are eliminated along with colored by-products. 
The cholesterol dibromide that crystallizes is debrominated with zinc dust 
with regeneration of pure cholesterol. 
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Procedure 
Swirl 2.0 g of crushed gallstones in a 25 mi Erlenmeyer flask with 10 ml of 2- 
butanone on a hot plate until the solid has disintegrated and the cholesterol has 
dissolved. Filter the dirty yellow solution while hot from a brown residue of the 
bile pigment bilirubin, a metabolite of hemoglobin. Dilute the filterate with 10 ml 
of methanol, obtain clarity by warming the solution with a little decolorizing 
charcoal for a few minutes, filter through a funnel that has been warmed on the 
steam bath. Reheat the greenish-yellow filtrate to the boiling point, add a little 
water gradually until the solution is saturated at the boiling point, and let the 
solution stand for crystallization. Collect the crystals, dry and take the melting 
point. 
Purification 
In a 25 ml Erlenmeyer flask dissolve 1 g of gallstone cholesterol in 7 ml of ether by 
gentle warming. Add, with a plastic syringe, 5 ml of a solution of bromine and 
sodium acetate in acetic acid. Cholesterol dibromide begins to crystallize within 2 
min. Cool in an ice bath and stir the crystalline paste with a stirring rod for about 
10 min to ensure complete crystallization, and at the same time cool a mixture of 3 
ml of ether and 7 ml of acetic acid in ice. Then collect the crystals on a small 
suction funnel and wash with the iced ether-acetic acid solution to remove the 
yellow mother liquor. Finally wash with a little methanol, suction well, and 
transfer the white solid without drying it to a 50 mi Erlenmeyer flask. Add 20 ml 
of ether, 5 ml of acetic acid and 0.3 g of zinc dust and swirl. Heat gently on a hot 
plate for 5 min. The dibromide will dissolve within 2-3 min and zinc acetate may 
separate as a white paste. Stir for 5 min more and add water dropwise (about 0.5 
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ml) until any solid present dissolves to a clear solution. Decant the solution from 
the zinc into a separatory funnel, wash the ether solution with water, and then with 
10% NaOH, to remove traces of acetic acid. Then shake with an equal amount of 
saturated NaCl solution to reduce the water content and filter it by gravity through 
a paper containing anhydrous sodium sulfate, add 10 ml methanol and a boiling 
stone and evaporate on the steam bath to the point where most of the ether is 
removed and cholesterol begins to crystallize. Remove the solution, let 
crystallization proceed at room temperature, and then in an ice bath and collect 




ORGANIC CHEMISTRY 231 - LAB EXAM I 
Answer the following completely. Show all work ! ! ! 
15 points. 1. Make a plot of melting point versus composition for a mixture 
of two solids, A and B. Clearly indicate the following: 
a. Melting point of pure A 
b. Melting point of pure B 
c. Eutectic point 
d. Eutectic melting temperature 
e. Eutectic composition 
f. Liquid and solid phases 




CH3-C-0-Na + NaOH CH4 + Na2CC>3 
1.2 grams of methane were obtained from the reaction of 8.2 
grams of sodium acetate and 10 grams of sodium hydroxide. 
What was the per cent yeild for methane in the reaction? 
25 points. 3. Suberic acid, a solid, has a distribution coefficient of ether to 
water with a value of 4.0. If a solution of 40.0 milligrams of 
suberic acid in 40 ml of water is extracted with 10 ml of ether, 
how much suberic acid will be in ether layer after one extraction? 
The molecular weight of suberic acid is 174 grams/mole. 
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15 points 4. Give a step by step account of how you would obtain pure solids 
from a mixture of p-bromophenol and p-dibromobenzene by 
extraction. Neither compound is water soluble, but both are 




10 points. 5. 
5 points 6. 
5 points 7. 
10 points 8. 
Calculate the percent composition of each component for a benzene- 
toluene mixture if a benzene peak on the GC has a height of 
4 cm and a half-width of 2 cm. The toluene peak has a height 
of 6 cm and a half-width of 4 cm. 
In Part B of the extraction experiment, why is MgSO^ added 
to the ether layer after the ether layer is washed with water? 
Why is charcoal sometimes used in recrystallization? 
A simple distillation and a fractional distillation were performed 
on an ideal mixture system. Sketch a piot of temperature versus 
volume of condensate for each distillation. 





1. TLC Experiment 
a. Caffeine is dissolved in ethyl acetate and spotted on TLC 
paper. Ethyl acetate is also used to elute the sample. If the 
caffeine has moved 0.2 cm when the ethyl acetate has moved 
0.8 cm, what is the R^ value? 
b. An unknown dyestuff is thought to be phenol red. Describe 
how you would verify its identity using TLC. 
2. NO PART CREDIT! Suberic acid has a of ether to water of 
4.0. If 20.0 mg of suberic acid is dissolved in 15 ml of ether and 
the solution is extracted with 60 ml of water, how much suberic 
acid remains in the water after one extraction? The molecular 
weight of suberic acid is 174 g/mole. 
3. Column Chromatography 
a. The solvents used to elute the sample were in the following 
order: 
hexane, benzene, methylene chloride, and ethyl acetate. Why 
was this order chosen? 
b. What quality determines the order in which the pigments are 
eluted off the alumina? 
4. Chlorination of 2,4-dimethylpentane 




b. 2,4-dimethyl pentane is chlorinated to yield three isomers. 
What are they? If the relative reactivities of the hydrogens 
are 3° - 4.0, 2° - 2.5, and 1° -1.0, what would be the relative 
abundance of each isomer? 
5 points 6. Dehydration of 2-methylcyclohexanol 
a. Why is phosphoric acid used in the dehydration? 
25 points 7. Write a reaction and mechansim for the dehydration of 2-methyl 
cyclohexanol. If more than one isomer is formed, indicate the 
major one and tell why. 
5 points 8. In the chlorination of 2,4-dimethyl pentane, why is the product 
solution washed with aqueous sodium bicarbonate? 






1. Hydration of an alkyne 
a. Give the equation for the hydration of 3-methyl-2-butyn-3-ol. 
Include any important intermediates in the reaction. 
b. If 15 grams of the starting alkyne reacted with an excess of 
other reagents, how many grams of ketone would be obtained 
if the overall yield was 7096? 
c. Why was NaCl used to saturate the aqueous solution before 
extraction with benzene? 
2. Describe how cholesterol was purified. Indicate important 
reactions used in the purification. 
3. A 0.200 gram sample of bromoacetic acid was dissolved in 50 ml 
of ether. The solution was extracted with 200 ml of water and 
0.0800 grams of the acid was found in the water layer. What is 
the of the bromoacetic acid in ether to water? 
4. n-butanol and acetic acid are reacted in an acid-catalyzed 
esterification. Before the reaction, a titration was performed 
with 0.30 N NaOH, and 21.00 ml were used to reach the endpoint. 
After the reaction had taken place, another titration was 
performed. Only 7.00 ml of base were used to reach the endpoint. 
What is the equilibrium constant, K, for the reaction? 
5. Give the reaction and mechansim for the isomerization of 
dimethyl maleate to dimethyl fumarate. 
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20 points 6. Diels-Alder Reaction 
a. Briefly describe a general Diels-Alder reaction. Give an 
example and discuss the stereochemistry of the reaction. 
b. Cis- and trans-l,3-pentadiene (piperylene) boil at 43.5°C and 
42°C respectively. A sample of the pentadiene was injected 
into column B (non-polar) of the GC, and the following data 
was found: 
1st peak: height - 5 cm, width - 3cm, - 0.6 
2nd peak: height - 2 cm, width - 2 cm, Rf - 0.4 
The pentadiene sample was reacted with maleic anhydride in 
a Diels-Alder reaction. After distillation of the unreacted 
pentadiene, the following GC data was obtained: 
1st peak: height - 5 cm, width - 2 cm, Rj - 0.6 
2nd peak: height - 4 cm, width - 3 cm, Rf - 0.4 
Which isomer is more reactive? 
APPENDIX E 
LABORATORY EVALUATION (EXPERIMENTS ONLY) 
INSTRUCTIONS: Indicate your response to the following statements by circling 
the appropriate letter that contains an answer that most nearly 
represents your feelings, using the following scale: 
A = Strongly Agree 
B = Agree 
C = Undecided 
D = Disagree 
E = Strongly Disagree 
1. The laboratory experiments were clearly written and easy to follow. 
A-Strongly Agree B-Agree C-Undecided D-Disagree E-Strongly Disagree 
2. I achieved satisfactory results following the laboratory procedures, as written, 
most of the time. 
A-Strongly Agree B-Agree C-Undecided D-Disagree E-Strongly Disagree 
3. The laboratory experiments enhanced my understanding of the lecture material. 
A-Strongly AgreeB-AgreeC-UndecidedD-DisagreeE-Strongly Disagree 
4. It was necessary to use other sources or books to fully understand the laboratory 
experiments. 
a-Strongly Agree B-Agree C-Undecided D-Disagree E-Strongly Disagree 
5. The laboratory experiments were not too difficult. 
A-Strongly Agree B-Agree C-Undecided D-Disagree E-Strongly Disagree 
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6. My laboratory grade reflects my understanding of the laboratory experiments. 
A-Strongly Agree B-Agree C-Undecided D-Disagree E-Strongly Disagree 
